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ABSTRACT

A"

A synchronous 75-counter using a repetitive, truncated, binary se-
quence is described. The counter is designed with the Veitch diagram
simplification technique and is implemented with the Fairchild micro-
circuit J-K flip-flop. It is free from undesirable closed loops, returns to
normal sequence in a maximum of one clock-pulse time, and is capable

of speeds to 8 Mc at room temperature. Minimum and maximum

power-supply voltage for correct sequencing is shown as a function of
temperature from —50 to +125°C.

I. INTRODUCTION

While investigating a possible system for bandwidth

compression of digita] television data.-a requirement was

Tound for a synchronous 75-counter. In addition, it
was desirable to gain some familiarity with the high-speed,
low-power microcircuitry recently made available. To
satisfy both these objectives, the design of a synchronous
75-counter using the Fairchild J-K flip-flop and associ-
ated gates has been completed and tested.

The counter is to be used as a program control for a
simple computer. Some of the output functions to be
derived from the counter states are repetitive during
each sequence of 75 clock pulses. To simplify the logical
expressions for these functions, the first fifteen counter
states are arranged to occur in a binary fashion. This
sequence is then repeated five times to obtain the neces-
sary 75 states.
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Il. COUNTER STATES

The seven flip-flops used in the counter are labeled
A through G. Each state of the counter is tabulated in
Table 1. The letter m to the left identifies each state as a
minterm in the usual manner, with the difference that
A is considered the least significant, and G the most

Table 1. Counter sequence

significant flip-flop position. By considering the flip-flop
states thus, the plotting of the states in the Veitch dia-
gram is somewhat simplified. For example, state 51 is
represented by the binary number “1100110” with the
most significant bit G at the right. The locations of
the minterms as defined above are shown in Fig. 1.

By plotting the minterms of Table 1 on the Veitch
diagram, Fig. 2 is obtained. The minterms denoted by X

m State m State are the forbidden terms and do not normally occur dur-
ABCDEFG ABCDETFEG ing the counting sequence.

0 0000000 40 000710710

1 | 1000000 4 1001010 By plotting each minterm which causes flip-flop A to

2 0100000 42 0101010 be in a “one” condition at the next clock pulse, Fig. 3,

3 1100000 i 1101010 the Veitch diagram equivalent of the application equa-

4 6 ot1oocoeo 44 botri1ono tion for flip-flop A, is obtained. A similar process results

5 101000 O 45 1011010

6 6110000 46 0111010

7 1110000 48 0000110 £ £

8 0001000 49 10001 10 ,—L ,—i\ r_ﬂﬂ F_L

4 1001000 50 0100110 115119 {118 [114] 99 [103 [ 102| 98 | 51 | 55 |54 |50 {35 |39 |38 | 34

10 0101000 51 1100110 8{ 123127 ] 126 [122]107 J101 [ v10] 106 [ 59 [ 63 [ 62 [58 ja3 |47 |46 | 42

1 ! 101000 52 001von LY 1211125 124 (120|105 |109 | 108|104 1 57 | 61 | 60 | 56 | 41 | 45 | 44 | 40 }D £

12 601 1000 53 10101 1 0 N3 {117 116 |112] 97 {101 | 100 96 | 49 | 53 { 52 | 48 | 33 {37 [36 | 32

13 1011000 54 01 10110

14 0 1 1 1 00 0 55 1 1 1 0 1 1 o B{ 83| 87| 86| 82] 67 | 71 70166 |19 123 (22|18 3 7 6 2

16 0 000100 56 60 0 1 1 1 0 91| 95| 94 90} 75| 79 7874 |27 (31 (3026 |1 [15[14 |10 }D

17 1 000100 57 1 0 0 1 110 89| 93| 92| 88| 73| 77 76|72 125129 |28 | 24 9 {13 (12 8

18 01 00100 58 01 0 1 1 1 0 81| 85| 84| 80| 65| 69 68 64 |17 21|20 |16 1 5 4 0

19 | 1100100 5 1101110 = = = =

20 [ 0010100 &0 o011 110 * X ’

21 1010100 61 1011110

22 o1 10100 -2 o 1 1 1110 Fig. 1. Veitch diagram of minterms

23 1110100 64 0000001

24 0001100 65 10000 O 1 £ £

25 1001100 66 0100001 T 4 2 4

26 0101100 67 1100001 — — " A

27 | 1101100 8 |0010001 B{XXXXXXXX““““

28 6011100 69 1010001 XXXXX"XX‘X“‘X“}DF

29 1011100 70 0110001 X X[ XX XXy Xp X 11 vprjrer i

30 0111100 VA 1 11 0 0 0 1 x| x| x|[x| x| x!{xyx{v{v[v{r]vypraa

32 0 00 O0O0I10 72 0001 0 01 x| xix|{x|v v vy

33 1000010 73 100100 1 8{xxxx1x111x111x11

34 01000710 74 0101001 TR }0

35 110001 0 75 1101001 TR RE

36 0010010 76 0011001 o —— —— ——

37 1010010 77 1011001 . ¢ ¢ s ¢ ¢

38 0110010 78 0111001 G

¥ [v11oo010 80 0000000 Fig. 2. Counter states
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K: = BCDG

Js

in diagrams for flip-flops B through G. Following the

rules for Veitch diagram simplification given in Ref. 1,
p- 81, the input equations for J-K flip-flops may be de-
rived from the application equations. The input equations

are as follows:

Jr = BCDE

Kg=A+CD

Ky = BCDE

Jo = AB

J¢ = BCDEF

K, = AB + BD

Io

KD:BC

J,=B+C+D

KA:].

KG = BCD

= ABC

BCDG
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Fig. 3. Application equations A™?, B*!, C™*!, etc. through G™*!
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Fig. 4. Logic schematic diagram
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These equations are implemented as shown in Fig, 4.
The forbidden terms were examined for undesirable
closed loops initiated by turn-on conditions or noise inter-
ference.

The method of interconnecting flip-flops A, B, C
and D with E, F and G, greatly simplifies the examina-
tion of forbidden states. For example, should the counter
arrive in the state identified by minterm 15, the input
conditions for flip-flops A, B, C and D prior to the next
clock pulse will be:

J.=0 Is=1 Je=1 In=1

K;=1 Kp=1

After the next clock pulse, A, B, C and D will be in
state 0000, which is in the normal sequence. Similar
examination of all forbidden states, some of which may
be grouped into classes for simplification, indicates that
the counter will always arrive in a normal counting state
when starting from a forbidden state. In all cases this
will occur in one clock pulse time.
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lll. CONCLUSION

During testing of the breadboard counter, the maxi-
mum clock frequency for correct counting was found to
be approximately 8 Mc. The failure to count properly
above this frequency is a result of accumulated logical
delay in the multilevel gates.

The longest accumulated delay occurs in the input
logic for J; and amounts to the response of three cas-
caded gates, or approximately 0.2 usec. This delay could
be decreased by heavier loading of the flip-flop outputs
and by different implementation of gate logic. With a
decrease in logical delay, the counter could be made to
operate at a higher clock frequency than is possible with
the present configuration, Where auxiliary logical func-
tions are to be generated from the counter, the present
circuit has the advantage over one having shorter logical
delays and higher loading at flip-flop outputs.

The circuit was tested over a temperature range of
—50 to +125°C at a fixed clock rate of 10 kc. The
operational envelope of the counter with Vce variation
and temperature is shown in Fig. 5. The upper limit of
+6 v was imposed by system constraints and does not
imply a failure of the counter above this voltage. Repre-
sentative waveforms of the counter flip-flop outputs
(at various temperatures) are shown in Fig. 6. The
upper waveform is the output of the D flip-flop, the cen-
ter waveform is the G flip-flop, and the lower waveform
is the clock pulse.

6 —0—ﬂ>—-o—j>—o—ﬁ>-o-——o—ﬁ>—o—j>—o—j>—o—j>—o—-o——

H

Veer?

O\L")-(Ho——(
g
»QT“’*(*_O
|

: |
-60 -40 -20 [ 20 40 60 80 100 20 140
TEMPERATURE,’C

Fig. 5. Operational envelope

Fig. 6. Representative waveforms of the counter flip-flop
outputs at (a) —50°C, (b) +25°C, (c) +125°C
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Within the limitations of the equipment used for test by the sockets. This problem was solved by rewiring the
and evaluation, the counter seemed quite insensitive to  breadboard using Garlock type 69012-0528 sockets.
large variations of clock pulse amplitude and shape.

A practical difficulty experienced in construction of The power consumption of the counter at a supply
the breadboard was the intermittent connection made  voltage of 3v is approximately 0.4w.
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